Introduction
Miranda, a 472 km diameter icy satellite of Uranus, exhibits geology that is unique among the solar system's natural satellites. Voyager 2 images show the satellite to have three large "coronae" that postdate its ancient cratered terrain [Smith et al., 1986] . These ovoidal to trapezoidal regions generally consist of an outer belt of subparallel ridges and troughs, and an inner region of smooth materials and/or ridges and troughs of various orientations (Figure 1 ). Corona origin is controversial, as Miranda's coronae may have formed in response to downwelling following catastrophic breakup and reaccretion of the satellite [Janes and Melosh, 1988 ], or they may be the surface manifestations of internally driven upwelling Greenberg et al., 1991] .
The "sinker" model of corona origin was proposed informally by E. M. Shoemaker and then developed by Janes and Melosh [1988] . In this model, Miranda was shattered early in its history by a catastrophic impact and then reaccreted, an idea supported by modeling of catastrophic disruption of the inner satellites of Uranus [Smith et al., 1986; McKinnon et al., 1991] . During the late stages of reassembly, infalling silicate-rich chunks sank through the ice-rich mantle of the satellite. These dense sinkers stirred downwelling convection currents within Miranda, and the coronae formed in response to compression of the lithosphere above. In the alternative "riser" model, upwelling currents in Miranda's interior were driven by large-scale diapirism or solid-state convection and tough topography can be seen in profile along the satellite's limb, has been suggested by others [Smith et al., 1986; Greenberg et al., 1991; Thomas, 1988; Plescia, 1988] . Furthermore, it has been previously proposed that outwardfacing normal faults have shaped or modified at least part of Arden Corona's outer belt and that this belt may be extensional in origin [Thomas, 1988; Greenberg et al., 1991] . In this work, we address and enumerate the specific geological evidence that allows for application of a tilt-block model to the overall tectonics, albedo heterogeneity, and origin of Arden Corona.
The geology of Miranda's two other known coronae, Inverness and Elsinore, has been addressed previously to some extent [Greenberg et al., 1991; Schenk, 1991; Pappalardo, 1994] . The constituent ridges and troughs of those coronae exhibit morphologies suggestive of normal faulting in combination with fissure-style magmatism, consistent with an upwelling origin, as argued here for Arden Corona. Detailed analyses of the geologies of these coronae are beyond the scope of this work and will be the topic of future papers.
General Observations of Arden Corona
Global views of Arden Corona (Figure 1 ) suggest a roughly concentric structure, though its northern extent is beyond the view available to Voyager 2 during its 1986 flyby. Arden displays an inner region of bright and dark materials and an outer belt comprised of subparallel ridges, troughs, and albedo stripes. The nature of the albedo striping and its relationship to topography is ambiguous in this global view. Albedo striping in eastern Arden Corona takes the form of narrow bright stripes against a darker terrain. Striping along the corona's southern margin shows indications that it is associated with topography. For example, a ridge R can be identified with a length approaching the 300 km dimension of the whole corona.
Voyager obtained two fortuitous views of the eastern portion of Arden's outer belt, revealing its topographic "skyline" along the satellite limb (Figures 2 and 3) [Thomas, 1988] reveal about 4 km of total vertical relief in a major depression, from -2 km above the satellite's modeled mean elevation on its inboard (corona side) flank to -2 km below mean elevation in the depression center. Ridges and troughs within the depression are asymmetrical, and the local ridge-to-trough vertical topographic relief is as great as 2 km. The outward-facing walls of these ridges display -1 km wide striations of bright and dark materials oriented down the local slope (Figure 2) . Commonly, dark material is concentrated laterally near the top of a striated wall, but with a distribution that is patchy on the larger scale. Dark material of similar character is seen along walls with similar morphological expression which border nearby Inverness Corona (Figure 2, bottom left) .
Some narrow bright albedo stripes of eastern Arden Corona (specifically, those marked 1, 2, and 3 in Figure 3 ) are manifest as subtle topography on the satellite's limb, and they appear to be low scarps that transect dark material. A bright inward-facing scarp (Figure 3 , foreground of point 11) marks the outer edge of Arden Corona. Stereo views suggest that this scarp defines a broad (-8 km) trough along the corona's outer margin in this region. Outside the corona, two triangular-plan troughs radiate from the corona's southeast corner into the cratered terrain (Figures 1, 2, and 3 ).
An oblique-looking and slightly smeared image of southern Arden Corona is presented in Figure 4 . In this view, the light and dark albedo banding is especially apparent, and brightand-dark stripe pairs average -13 km in width. Stripe widths are seen to be somewhat variable along trend, and some bright bands merge by "ramping" into one another. Analogous to striations seen on the outward-facing walls in 
Extensional Tilt Block Interpretation
We interpret ridges and troughs throughout the outer belt of Arden Corona as tilt blocks formed by normal faulting in [Wernicke and Burchfiel, 1982; Pappalardo and Greeley, 1995] . We interpret the striated walls within Arden Corona as normal fault scarps which generally face outward from the corona. Subsurface dark material, either initially dark or radiation-darkened over time [Smith et al., 1986] , is exposed near the tops of fault scarps and moves downslope, presumably by mass wasting, and this process tends to darken the exposed fault faces. The distribution of dark material exposed in scarps suggests that it occurs as a discontinuous subsurface layer that can be up to a few hundred meters thick.
The ubiquitous striations may represent corrugations along the original fault plane or landslide chutes formed by local mass wasting down slopes. The former explanation is more likely the principal explanation, for three masons: (1) where diffuse dark material, which we interpret as talus, is recognized along the base of a striated wall (e.g., Figure 2 , bottom left), only a small volume is apparent; (2) the striations generally maintain their widths downslope, instead of tapering in the manner typical of landslide chutes; and (3) the striations consistently occur on one side of each ridge block rather than on all steep slopes. However, some degree of mass wasting is likely associated with these fault corrugations, based on the following: (1) some dark talus is recognizable along the bases of corrugated walls; (2) the low-albedo material appears to be laterally confined by the corrugation topography, suggesting movement of material down these corrugations; and (3) some unfaulted craters show analogous striations oriented downslope. We conclude that Miranda's fault scarps show primary corrugations that have been modified to some extent by mass wasting.
The tilt-block model can account for the topography and the albedo banding in southern Arden Corona (Figure 4) . In this region, dark corrugated walls face outward from the corona, toward the cratered terrain. We interpret these as outwarddipping fault scarps that expose dark subsurface material. Bright ridge faces represent generally planar surfaces of original cratered terrain. This model accounts for the pairing of bright and dark albedo stripes and the apparent truncation of structures in bright material by dark scarps. The geometry of tilt-block style normal faulting necessitates rotation of the faulted blocks [Wernicke and Burchfiel, 1982] , so the bright block faces will have been backtilted by rotational normal faulting, in a direction generally away from our view in Figure  4 . A loose bright material may mantle Miranda's precorona surface [Croft and Soderblom, 1991] and would be expected to move down the dip slope of backtilted blocks, analogous to the manner observed in terrestrial tilt-block settings [Dickinson, 1991] . A subtle brightening is observed for at least two tilt-block tops in their downdip direction (point f of Normal faults commonly merge as they meet one another or can terminate through decreased fault displacement [Pappalardo and Greeley, 1995] . Arden Corona ridges can terminate by merging, tapering, and decreased vertical displacement, supporting a tilt block origin. Bright material is seen to connect two bright stripes laterally at one location (point g of Figure 4 ), and this likely represents a lateral ramp linking two tilt blocks, i.e., a region where faults on either side have terminated through decreased displacement rather than propagating into the intervening undeformed block. Antithetic faulting due to rollover of the hanging wall block [Hamblin, 1965] In eastern Arden Corona, where a pattern of bright striping is observed against dark material (Figures 1 and 3a) , low outward-facing scarps appear to cut the dark material. The scarps might appear brighter than their surroundings because of oblique solar illumination, tectonic exposure of bright material that underlies the darker unit, or incomplete burial of bright faulted material by dark material. Smooth bright and dark patches in Arden Corona have previously been suggested to be extrusive in origin [Croft and Soderblom, 1991] , and some areally extensive dark material might even represent the partially extruded head a surface-breaching diapir . Extrusion is a plausible interpretation for many of these isolated patches, based on their smooth textures, albedos different from cratered terrain, and setting within a region of concentrated endogenic activity. However, the association of some diffuse dark material with large craters in Arden Corona suggests that some dark subsurface material (or material that subsequently darkened upon surface exposure) was simply excavated by impacts and distributed across the surface as ejecta. [Thomas, 1988] show that flank uplift of -2 km also occurs in some locations along the outboard margin of Arden and Miranda's other coronae. This might be due to a fault geometry different from that modeled above, where a major bounding fault dips inward toward the corona to trigger buoyant uplift of the outboard flank. A detachment fault dipping outward from the corona could also result in permanent flexural uplift of the outboard margin, where the lithosphere responds isostatically to a tectonically induced negative load [Buck, 1988; Egan, 1992 Support for an upwelling model also follows from the morphology of ridges and troughs in INverness Corona and Elsinore Corona, likely shaped by similar volcano-tectonic processes in response to tensional stress [Schenk, 1991; Croft and Soderblom, 1991; Pappalardo, 1994] . Major coronabounding depressions, analogous to that of eastern Arden, are observed in limb profiles that cross the western boundary of Arden Corona and the boundaries of Elsinore Corona [Thomas, 1988] . These depressions and their common flanking topographic highs were probably created around each corona by rifting and flexural processes analogous to those described above. Although the riser model predicts a zone of concentric extensional structures surrounding an inner region of disorganized extensional structures, the actual shape of Arden and Miranda's other coronae is somewhat squared (Figure 1) . This is best explained by superposition of a concentric upwelling-induced stress field onto a preexisting structural grid, as has been invoked to explain the pattern of structures within the outer belt of Elsinore Corona [Pappalardo and Greeley, 1993 A tilt-block origin for ridges and troughs in Arden Corona is consistent with a general model for ridge and trough terrain on icy satellites in which normal faulting and fissure volcanism can combine to produce a spectrum of possible morphologies [Pappalardo, 1994] . In this context, Arden Corona offers the first definitive evidence for tilt-block style normal faulting on an outer planet satellite. On Ganymede, it will be possible to distinguish this mode of extensional deformation from horst-and-graben style normal faulting in high resolution images of grooved terrain returned by the Galileo spacecraft, through recognition of rotated surfaces and identification of the distinctive triangular, asymmetric cross section of tilt blocks. Instead of recounting a history of catastrophic breakup and reaccretion, the extensional tectonic surface deformation of Arden Corona records a history of internally driven upwelling. Formation of Arden and Miranda's other coronae through endogenic processes attests that the geology of Miranda can be used in a comparative sense to improve our understanding of the early evolution of icy satellites, including the origin of ridge and trough terrain and the process of differentiation.
Conclusions

